We analyzed the steroidogenic acute regulatory protein (StAR) gene in a Japanese patient with congenital lipoid adrenal hyperplasia (CLAH). The patient was revealed to be a compound heterozygote bearing a missense mutation A218V, which changed codon 218 (GCG) encoding Ala to GTG encoding Val in the StAR gene, and a nonsense mutation Q258X, which changed codon 258 (CAG) encoding Gln to the stop codon (TAG), by polymerase chain reaction amplification and direct sequencing of the StAR gene. The Q258X mutation has been demonstrated to cause CLAH in Japanese and Korean patients. The A218V mutation has been reported to cause CLAH in a Canadian white patient. These findings suggest that the amino acid residue Ala218 is important for the normal StAR function, and the codon 218 might be a hotspot for the StAR gene mutation.
Introduction
Congenital lipoid adrenal hyperplasia (CLAH), originally described by Prader and Siebenmann (1) , is the most severe form of congenital adrenal hyperplasia, leading to impaired production of all steroids including glucocorticoids, mineralocorticoids and sex steroids. This disorder is inherited as an autosomal recessive trait, and the affected individuals are all phenotypically female with a severe salt-losing syndrome that is fatal unless treated with steroid replacement therapy (2) . Because mitochondria from affected adrenal glands and gonads fail to convert cholesterol to pregnenolone, it had been postulated to be caused by a defect in the cholesterol side-chain cleavage enzyme, cytochrome P450scc (3, 4). However, no mutations have been revealed in the P450scc gene in affected individuals, suggesting a defect in another undefined factor involving conversion of cholesterol to pregnenolone (5-7).
Steroidogenic acute regulatory protein (StAR) is a 30-kDa phosphorylated protein that rapidly appears in mitochondria of steroidogenic cells following tropic stimulation, and is required in the acute regulation of steroidogenesis (8). It has recently been reported that mutations in the StAR gene cause CLAH (9). To date, fifteen different mutations in the StAR gene have been found in patients with CLAH from various ethnic groups (9-11). We now report a compound heterozygous A218V/Q258X mutation in the StAR gene in a Japanese patient with CLAH. 
Direct sequencing of PCR products
Single-strand DNA was produced from both strands (14) , and the PCR DNA fragments were sequenced in both orientations by the dideoxynucleotide chain termination method (15) with a Sequenase kit (Amersham Japan Ltd., Tokyo).
Cloning and sequencing of PCR products
To confirm the nucleotide sequences of different alleles, the amplified DNA fragments spanning the last three exons were cloned into the plasmid pCRII using a TA cloning kit (Invitrogen, San Diego, CA) and the nucleotide sequences were determined by the dideoxynucleotide chain termination method (15) with the Sequenase kit.
Results
We determined the nucleotide sequences of all seven exons and the exon-intron boundaries of the patient's StAR gene.
The patient was a compound heterozygote bearing a missense mutation A218V, which changed codon 218 (GCG) encoding Ala to GTG encoding Val in the StAR gene, and a nonsense mutation Q258X, which changed codon 258 (CAG) encoding Gln to the stop codon (TAG) (Fig.1 ). The DNA sequences of different alleles were confirmed by cloning the amplified DNA fragments spanning the last three exons into the pCRII plasmid and performing double stranded sequence analysis in the patient (data not shown).
The patient was also revealed to be homozygous for a D203A mutation changing codon 203 (GAC) encoding Asp to GCC encoding Ala (data not shown).
No other mutations were found in any of the seven exons or the exon-intron boundaries of the StAR gene from the patient.
The A218V mutation was never identified in the StAR gene from twenty healthy individuals, but all of them were revealed to be homozygous for the D203A mutation. another thirteen different mutations have been identified in patients with CLAH from various ethnic groups (10,11).
The Q258X mutation has been demonstrated to result in impairment of StAR activity (9). Bose et al. (11) reported that the Q258X mutation was found in 80 percent of affected alleles of Japanese and Korean patients. In the present study, we also demonstrated the heterozygous Q258X mutation in our Japanese patient with CLAH, supporting the finding by Bose et al. (11) . Bose et al. (11) reported the missense mutation A218V of the StAR gene in a Canadian white patient, and demonstrated that the A218V mutant had minimal StAR activity, but they failed to find the A218V mutation in the CLAH patients from the ethnic groups other than the Canadian white (11) . In the present study, we detected the A218V mutation in our Japanese patient with CLAH. The A218V mutation is the first one which has been shared by Japanese and Caucasian patients. These findings suggest that codon 218 of the StAR gene might be a mutational hotspot.
The importance of the amino acid residue Ala218 is further confirmed by the finding that this amino acid residue is conserved in all the StAR molecules so far identified in the mouse, cow and pig and in man ( Fig.2) (8, [16] [17] [18] .
There seems to be no doubt that both A218V and Q258X mutations are responsible for CLAH in our patient since they have been demonstrated to impair the StAR activity (9, 11). The compound heterozygote carrying the A218V and Q258X mutations in the StAR gene seems to be novel in patients with CLAH. We speculate that the D203A mutation is innocent because all twen- ty healthy individulas as well as the patient were homozygous for the D203A mutation, so that this mutation should not impair the StAR activity.
In patients with CLAH there are no characteristic increases in the concentrations of any circulating steroid hormones, unlike the case with all other forms of adrenal hyperplasia, thus the endocrinological diagnosis of CLAH is inherently one of exclusion (2) . The genetic analysis method for the human StAR gene described here should facilitate making a diagnosis of CLAH in phenotypically female patients with signs and symptoms of deficiency of both glucocorticoid and mineralocorticoid.
In conclusion, we have identified a novel compound heterozygous A218V/Q218X mutation in the StAR gene in a Japanese patient with CLAH, and further analysis of the genotype-phenotype relationship in patients with CLAH should provide a clue to understand the importance of the StAR activity in steroidogenesis in vivo.
